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APPARATUS AND METHOD FOR TIME 
ORDERING EVENTS IN A SYSTEM HAVING 

MULTIPLE TIME DOMAINS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to time 
ordering events, and more particularly to time ordering 
events in a system having multiple time domains. 

RELATED ART 

[0002] Timestamping is a useful technique that may be 
used in a system, such as, for eXample, in debugging a 
system, to indicate When a desired event occurred in the 
system. Some systems, including systems Which are inte 
grated on a single integrated circuit, include a plurality of 
time domains. For some applications, there may be no easy 
method for directly correlating time domains With each other 
and With time references eXternal to the system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0003] The present invention is illustrated by Way of 
eXample and not limited by the accompanying ?gures, in 
Which like references indicate similar elements, and in 
Which: 

[0004] FIG. 1 illustrates, in block diagram form, a system 
in accordance With one embodiment of the present inven 
tion; 
[0005] FIG. 2 illustrates, in block diagram form, a time 
domain message 100 in accordance With one embodiment of 
the present invention; 

[0006] FIG. 3 illustrates, in block diagram form, a time 
domain message 110 in accordance With one embodiment of 
the present invention; 

[0007] FIG. 4 illustrates, in block diagram form, a master 
message 120 in accordance With one embodiment of the 
present invention; and 

[0008] FIG. 5 illustrates, in How diagram form, a method 
for time-ordering debug events in accordance With one 
embodiment of the present invention. 

[0009] Skilled artisans appreciate that elements in the 
?gures are illustrated for simplicity and clarity and have not 
necessarily been draWn to scale. For example, the dimen 
sions of some of the elements in the ?gures may be eXag 
gerated relative to other elements to help improve the 
understanding of the embodiments of the present invention. 

DETAILED DESCRIPTION 

[0010] As used herein, the term “bus” is used to refer to a 
plurality of signals or conductors Which may be used to 
transfer one or more various types of information, such as, 
for eXample, data, addresses, control, or status. 

[0011] Illustrated in FIG. 1 is a data processing system 10 
generally having a time domain 12, a time domain 32 and a 
time domain 22. The time domain 12 includes a module that 
represents functional circuitry 14. Contained Within func 
tional circuitry 14 is NEXUS debug circuitry 16 Where 
“NEXUS”TM refers to the publicly available IEEE ISTO 
5001 standard for debugging and/or emulating, and/or test 
ing integrated circuits. Similarly, time domain 32 has func 

Jun. 23, 2005 

tional circuitry 34 and NEXUS debug circuitry 36. Time 
domain 22 has functional circuitry 24 and NEXUS debug 
circuitry 26. One possible embodiment of the NEXUS 
debug circuitry 36 is illustrated in detail. It should be 
apparent that NEXUS debug circuitry 16 and NEXUS debug 
circuitry 26 may be implemented in the same manner or With 
variations. The functional circuitry 14 is coupled to a 
NEXUS module 70 by a debug bus 18. NEXUS debug 
circuitry 36 is coupled to NEXUS module 70 by a debug bus 
38, and NEXUS debug circuitry 26 is coupled to NEXUS 
module 70 by debug bus 28. 

[0012] The NEXUS debug circuitry 36 includes times 
tamp circuitry 40 having counter control circuitry 42 and a 
reference counter 44. NEXUS debug circuitry 36 also 
includes a clock status circuit 46, a time domain identi?er 
48, a TCODE generator 50, and other circuitry 52. The 
debug bus 38 is formed by a timestamp control bus 60 
coupled from NEXUS module 70 to the counter control 
circuitry 42, timestamp signals 62 coupled from the counter 
control circuitry 42 to the NEXUS module 70, a domain 
event information bus 64 coupled from the other circuitry 52 
to NEXUS module 70, and a bidirectional bus for other 
signals 66. In one embodiment, the other signals 66 couple 
the clock status 46, time domain identi?er 48, TCODE 
generator 50, and other circuitry 52 to the NEXUS module 
70. The other signals 66 are bidirectionally coupled betWeen 
the other circuitry 52 and the NEXUS module 70. 

[0013] The NEXUS module 70 generally includes a times 
tamp control circuit associated With each time domain. In the 
illustrated form, timestamp control 72 is coupled to debug 
bus 18. Timestamp control 74 is coupled to each bus that 
forms debug bus 38, eXcept the other signals 66 bus that 
couples to other control circuitry (not shoWn) Within 
NEXUS module 70 that is not relevant to the debug func 
tionality described herein. Timestamp control 76 is coupled 
to debug bus 28. An arbiter 78 is bidirectionally coupled to 
each of timestamp control 72, timestamp control 74 and 
timestamp control 76, and to a plurality of registers 80. Each 
of timestamp control 72, 74, and 76 is bidirectionally 
coupled to the plurality of registers 80. A bidirectional 
NEXUS interface port 92 is coupled to arbiter 78. A bidi 
rectional JTAG interface 94 is coupled to the plurality of 
registers 80. The plurality of registers 80 is bidirectionally 
coupled to and from a system bus 96. System bus 96 is also 
bidirectionally coupled to each of time domain 12, time 
domain 32 and time domain 22. 

[0014] Note that a common standard used for integrated 
circuit debug, emulation, and/or testing purposes is the Well 
knoWn JTAG (Joint Test Action Group) IEEE (Institute of 
Electrical and Electronic Engineers) 1194.1 test access port 
and boundary scan architecture. Although debug interface 
90 has been illustrated as having a JTAG interface, alternate 
embodiments of system 10 may use any desired interface. 
For eXample, in addition to the standard JTAG interface, 
there are a Wide variety of other debug, emulation, and/or 
test interfaces used for integrated circuits. Similarly, alter 
nate embodiments may use a Wide variety of other debug, 
emulation, and/or test interfaces in place of the NEXUS 
interface 92. 

[0015] In one embodiment of system 10, debugger 93 may 
optionally be coupled to debug interface 90 during at least 
a portion of the debugging process for system 10. Alternate 



US 2005/0138484 A1 

embodiments may not require an external debugger 93 to 
perform debugging functionality. In one embodiment, sys 
tem 10 may be implemented on a single integrated circuit 
and debugger 93 may be implemented external to that 
integrated circuit. For some embodiments, debugger 93 is 
not coupled to debug interface 90 during normal operation 
of system 10. Debugger 93 may be implemented using any 
combination of hardWare and softWare. 

[0016] Operation of the system 10 of FIG. 1 Will noW be 
described. In one embodiment that is illustrated, a plurality 
of time domains 12, 22, 32 may provide time-related infor 
mation regarding When an event Within the time domain 
occurred. In one embodiment, time domains are local 
regions in system 10 With a common poWer and/or clock 
domain. Elements Within a time domain remain synchro 
niZed by design, hoWever time domains are not typically 
required to remain fully synchroniZed With other time 
domains. In one embodiment, each one of time domains 12, 
22, 32 includes functional circuitry 14, 24, 34, respectively, 
Which functions using an independent clock or derivatives of 
a same clock. Functional circuitry 14, 24, and 34 may 
perform any desired function. Note that each time domain 
12, 22, 32 also includes NEXUS debug circuitry 16, 26, and 
36, respectively. Alternate embodiments may use other 
circuitry 16, 26, 36 Which is not NEXUS debug circuitry. 

[0017] Note that although system 10 has been illustrated to 
have three time domains, namely times domain 12, 22, and 
32, alternate embodiments may have any number of time 
domains. One example of a system 10 Which may have a 
plurality of time domains 12, 22, 32 is an integrated circuit 
in Which time domain 12 includes a processor Which oper 
ates at a very high clock rate or frequency, time domain 22 
includes circuitry Which operates at a loWer clock rate or 
frequency in order to conserve poWer, and time domain 32 
Which includes peripheral modules that are designed to 
operate at a third clock rate or frequency. Alternate embodi 
ments may delineate the boundaries of time domains using 
any desired criteria. 

[0018] In some embodiments, circuitry in different time 
domains operates independently and With no relative con 
straints betWeen the clock frequencies or duty cycles of 
other time domains. In addition, the clocking of circuitry 
Within a time domain may be suspended or undergo a change 
in frequency as the state of the overall system 10 changes, 
and this may occur independently of the clocking of any 
other time domain. Time domains may function and be 
de?ned differently in alternate embodiments. In one embodi 
ment, independent clock rates include clock rates that are 
separate and distinct in one or more of a variety of Ways, 
such as, for example, clocks that are sub-multiples of a 
common clock, clocks that are separately generated and are 
not intentionally related, and a common clock source that is 
temporarily stopped to a particular time domain. 

[0019] In one embodiment, independent clock rates are 
clocks rates that are separately controllable in some manner, 
thus are not guaranteed to have a speci?c relationship, and 
thus may be considered to be independent at least under 
certain conditions. Note that it is possible for independent 
clock rates to be related to each other for a subset of possible 
conditions. Although the timestamp messaging functionality 
described herein is very useful When used With a plurality of 
time domains (eg 12, 22, 32) having independent clock 
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rates, alternate embodiments may not require that any, some, 
or all of the plurality of time domains have independent 
clock rates. 

[0020] For some embodiments, in order to properly recon 
struct the temporal ordering of events Within system 10, the 
relationships betWeen reference counters (eg 44) Within 
individual time domains (eg 12, 22, 32) must be deter 
mined. Determining these relationships as the individual 
time domains transition through loW poWer states, clock 
frequency altering events, and other factors affecting the 
relative rate at Which individual reference counters are 
updated is very helpful in determining the relationship of 
other timestamped debug events occurring Within the indi 
vidual time domains of system 10. The timestamp messag 
ing functionality described herein provides the necessary 
information for determining the relationship betWeen the 
distributed reference counters used for applying timestamp 
information to other debug message types as are generated 
by NEXUS debug circuitry 16, 36, and 26. These other 
debug message types are Well knoWn in the NEXUS stan 
dard, and include messages such as Program Trace, Data 
Trace, and Watchpoint messaging. In one embodiment, each 
of these messages generated by a particular time domain 
may be augmented With a timestamp value related to the 
state of the reference counter Within the particular time 
domain. For proper trace reconstruction of the temporal 
ordering of events generated across multiple time domains, 
the reference counter values provided Within a particular 
debug message must be correlated to each other. The times 
tamp messaging described herein provides this overall coor 
dination capability by providing a Way to determine the 
relationships of the individual reference counters Within 
system 10. 

[0021] Upon the occurrence of a particular event in one or 
more of time domains 12, 22, and 32, the values of one or 
more reference counters (eg 44) may be captured and 
transmitted via a timestamp message to debugging circuitry 
93 external to debug interface 90. By providing these values, 
the relationships of the various distributed reference 
counters (eg 44) may be maintained, and thus proper 
temporal ordering of other debug message types Which have 
been annotated With a timestamp may be performed. Since 
for some embodiments the reference counters (eg 44) 
operate independently of one another With no ?xed relation 
ship, the rate at Which one or more reference counters 
change state is independent of all other of the reference 
counters. Reference counters (eg 44) may be temporarily 
halted While a particular time domain 12, 22, 32 enters a loW 
poWer state, or may change to be incremented at a faster or 
sloWer rate as the dynamics of the particular time domain 
change. By messaging out information about the value and 
clock status of a reference counter (eg 44) Within a par 
ticular time domain (eg 32), it is possible to maintain an 
ordering of counter values across multiple time domains 12, 
22, 32. 

[0022] In one embodiment, system 10 performs this 
“timestamp messaging” function in such a manner to facili 
tate ordering of events in system 10 Which are timestamped 
by multiple independent reference counters (eg 44) oper 
ating at dynamically varying rates and to accomplish syn 
chroniZation of the distributed sources’ values by a tool (e.g. 
debugger 93) external to debug interface 90. Timestamp 
messaging is a neW source of debug information Which 
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allows for proper temporal ordering of events in a distrib 
uted system With multiple time-varying clock domains. 
Timestamp messages may use either absolute or relative 
timing information. In some embodiments, relative timing 
information alloWs for shorter message length and message 
bandWidth reduction. Master Timestamp Sync Messages 
may also be used on a periodic basis to capture the values of 
some or all of the time domain reference counters (eg 44). 
This alloWs for a debug tool (e.g. debugger 93) to synchro 
niZe the time domain 12, 22, 32 relationships, to alloW for 
accurate reconstruction of the actual sequence of system 10 
events given individual time domain timestamped debug 
messages. 

[0023] In one embodiment, a time domain Timestamp 
Sync Message may be messaged via debug interface 90 
(provided Timestamp Messaging is enabled) for the folloW 
ing time domain events: 

[0024] Initial Target Domain Timestamp Sync Message 
after exit from system reset or Whenever Target Domain 
Timestamp Messaging is enabled 

[0025] Upon a change in reference clock 

[0026] Upon entering into a LoW PoWer state 

[0027] Upon returning from a LoW PoWer state 

[0028] Upon entering into Debug Mode 

[0029] Upon returning from Debug Mode 

[0030] Upon occurrence of counter overrun 

[0031] Upon a periodic counter expiration 

[0032] Upon occurrence of one or more User selectable 
events Within system 10 

[0033] Note that alternate embodiments may use more, 
feWer, or different time domain events than those listed 
above. 

[0034] In one embodiment, a Master Timestamp Sync 
Message may be messaged via debug interface 90 (provided 
Timestamp Messaging is enabled) for the folloWing time 
domain events: 

[0035] Initial Master Timestamp Sync Message after exit 
from system reset or Whenever Master Timestamp Messag 
ing is enabled 

[0036] Upon a change in system 10 reference clock 

[0037] Upon a change in any (or selected ones of) Target 
Domain clocks 

[0038] Upon entering into a LoW PoWer state 

[0039] Upon returning from a LoW PoWer state 

[0040] Upon entering into Debug Mode 

[0041] Upon returning from Debug Mode 

[0042] Upon occurrence of a particular Target Domain 
counter overrun 

[0043] Upon a periodic counter expiration 

[0044] Upon an internally or externally generated system 
10 event 

[0045] Upon occurrence of one or more User selectable 
events Within system 10 
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[0046] Note that alternate embodiments may use more, 
feWer, or different time domain events than those listed 
above. 

[0047] Although the illustrated form of system 10 Will be 
described in the context of performing timestamping for 
debug purposes, alternate embodiments may perform times 
tamping for any desired purpose. Also, although the debug 
interface 90 is described as using standard debug interface 
circuitry and protocols, such as the JTAG interface 94 and 
the NEXUS interface 92, alternate embodiments may use 
any desired interface, standard or non-standard, for debug 
interface 90. 

[0048] Referring noW to FIG. 5, FIG. 5 illustrates a 
method for time-ordering debug events in accordance With 
one embodiment of system 10. The How 200 starts at oval 
202, and proceeds to step 204 Where debug registers 80 (see 
FIG. 1) are programmed With timestamp control informa 
tion. Note that alternate embodiments of system 10 may 
provide the timestamp control information directly to the 
time domains. For example, the timestamp control informa 
tion may be received from debug interface 90, other inter 
connects going external to system 10 (not shoWn), system 
bus 96, or another source internal or external to system 10 
(not illustrated). For some embodiments of system 10, 
registers 80 may be read and/or Written by Way of one or 
both of system bus 96 and debug interface 90. In alternate 
embodiments of system 10, registers 80 may be located 
anyWhere Within system 10. 

[0049] The How of FIG. 5 continues from step 204 to step 
206 Where the timestamp control information in transmitted 
to one or more of NEXUS debug circuitry 16, 26, and 36. 
Note that for one embodiment of system 10, timestamp 
control signals 60 are used to provide this timestamp control 
information to NEXUS debug circuitry 36. For one embodi 
ment of system 10, the timestamp control information is 
provided to the counter control circuitry 42. In one embodi 
ment of system 10, the timestamp control information may 
include control information for enabling reference counter 
44, and any other control information that may be used to 
affect the information provided on timestamp signals 62. 

[0050] The How of FIG. 5 continues from step 206 to 
decision diamond 208 Where the question is asked “has a 
time domain event occurred in any time domain 12, 22, 
32?”. If a time domain event has not occurred in any time 
domain 12, 22, 32, the How stays at decision diamond 208 
and continues to check Whether a time domain event has 
occurred in any time domain 12, 22, 32. If a time domain 
event has occurred in any time domain 12, 22, 32, the How 
continues to step 210 Where a timestamp value, based on one 
or more selected time domain events, is transmitted to the 
NEXUS module 70 from one or more time domains. 

[0051] Note that the time domain 12, 22, 32 Which had the 
time domain event occur Within it, may not necessarily be 
the time domain 12, 22, 32 Which provides the timestamp 
value. For example, a time domain event Which occurs in 
time domain 12 may trigger time domain 32 to provide a 
timestamp via timestamp signals 62 to NEXUS module 70. 
As an example, one possible use of this functionality may be 
to alloW a poWer doWn time domain event in time domain 12 
to cause time domain 32 to provide a timestamp via times 
tamp signals 62 so that it is possible to determine What 
functional circuitry 34 is doing When functional circuitry 14 
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is powered doWn. This functionality may be used for a Wide 
variety of other purposes. One embodiment implements this 
functionality by Way of the information shared betWeen 
timestamp control circuits 72, 74, and 76. Alternate embodi 
ments may provide other Ways for functional circuitry 14, 
24, and 34 to share information, such as, for example, by one 
or more signals coupled betWeen tWo or more of functional 
modules 14, 24, and 34. 

[0052] The How of FIG. 5 continues from step 210 to step 
212 Where a NEXUS timestamp message is transmitted from 
NEXUS module 70 by Way of NEXUS interface 90. In one 
embodiment, this NEXUS timestamp message uses the 
master message 120 format illustrated in FIG. 4. Alternate 
embodiments may use any message format. For example, 
one alternate embodiment may sequentially provide time 
domain messages (e.g. using one or more of the formats 
illustrated in FIG. 2 and FIG. 3) With a NEXUS TCODE 
indicating a start of the sequence and a NEXUS TCODE 
indicating an end of the sequence. Note that alternate 
embodiments of system 10 may use any desired format for 
providing timestamp information. The message formats 
illustrated in FIGS. 2-4 are for illustrative purposes only. 
Alternate message formats may be independent of NEXUS 
and may not use TCODES. Alternate message formats may 
or may not relate to debug functionality. 

[0053] The How of FIG. 5 continues from step 212 to 
decision diamond 214 Where the question is asked “continue 
tracing?”. If tracing is continued, the ?oW returns to decision 
diamond 208 and continues to check Whether a time domain 
event has occurred in any time domain 12, 22, 32. If tracing 
is not continued, the How continues to END oval 216 Where 
the How ends. 

[0054] Referring noW to FIGS. 2 and 3, FIG. 2 illustrates 
one embodiment of a time domain message 100 format 
Which uses an absolute time domain reference value, While 
FIG. 3 illustrates one embodiment of a time domain mes 
sage 110 format Which uses a relative time domain reference 
value. For one embodiment, the formats for time domain 
messages 100 and 110 may be the same except for ?elds 102 
and 112. In one embodiment, absolute time domain refer 
ence count bit ?eld 102 may include the actual value of 
reference counter 44 (see FIG. 1) at approximately the time 
that the present domain event occurred. In one embodiment, 
relative time domain reference count bit ?eld 112 may 
include the difference betWeen: (1) the actual value of 
reference counter 44 at approximately the time that the 
present domain event occurred; and (2) the previous value of 
reference counter 44 at approximately the time that the 
previous domain event occurred. Note that for some 
embodiments, less bandWidth or feWer signals (e. g. in times 
tamp signals 62 of FIG. 1) may be required to transmit a 
relative time domain reference count as compared to an 
absolute time domain reference count. 

[0055] Still referring to FIGS. 2 and 3, time domain 
messages 100, 110 include a clock status bit ?eld 104, 114, 
respectively. In one embodiment, the clock status ?eld 104, 
114 may include information regarding Whether clocks are 
enabled, What clock frequency is being used, or any other 
information regarding the status of clocks in the correspond 
ing time domain 32. Time domain message formats 100, 110 
also include a time domain identi?er bit ?eld 106, 116, 
respectively. In one embodiment, the time domain identi?er 
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106, 116 may include information regarding Which time 
domain 12, 22, 32 is providing the information in the time 
domain message. Time domain message formats 100, 110 
also include a TCODE bit ?eld 108, 118, respectively. In one 
embodiment, the TCODE bit ?eld 108, 118 may include 
information regarding Which NEXUS message type is the 
message type used by time domain message 100 and 110. 

[0056] Referring to FIG. 4, master message 120 includes 
a time domain absolute count 122, 124, 126 for each time 
domain 12, 22, 32, Which provided a timestamp in response 
to a domain event. Thus, master message 120 includes one 
or more time domain absolute count bit ?elds 122, 124, 126. 
Note that for one embodiment, if time domain 32 did not 
provide a timestamp to NEXUS module 70 (e.g. by Way of 
timestamp signals 62), then bit ?eld 126 Will not include a 
useful count value, or Will not be included in master message 
120. Similarly, if time domain 12 did not provide a times 
tamp to NEXUS module 70, then bit ?eld 122 Will not 
include a useful count value, or Will not be included in 
master message 120. Likewise, if time domain 22 did not 
provide a timestamp to NEXUS module 70, then bit ?eld 
124 Will not include a useful count value, or Will not be 
included in master message 120. Note that if one or more 
time domains 12, 22, 32 provide a relative time domain 
reference count (e.g. 112) rather than an absolute time 
domain reference count to NEXUS module 70, if desired, 
one or more relative time domain reference count values 

(e.g. 112) can be converted to a corresponding absolute time 
domain reference count (e.g. 102), for example, by Way of 
timestamp control circuitry 72, 74, 76 (see FIG. 1). In an 
alternate embodiment, all time domains 12, 22, 32 Which are 
providing a timestamp for the master message 120 may use 
the absolute time domain reference count (e.g. 102), instead 
of the relative time domain reference count (e.g. 112). 

[0057] Still referring to FIG. 4, master message 120 
includes a status bit ?eld 128. In one embodiment of system 
10, the status ?eld 128 may include, in an encoded or 
non-encoded form, all or a portion of the information from 
one or more clock status ?elds 104, 114. In one embodiment 
of system 10, one or more of the time domains 12, 22, 32 
that provide a count value to one of time domain absolute 
count ?elds 122, 124, 126 may also provide any desired 
status information to status bit ?eld 128. In one embodiment 
of system 10, the status bit ?eld 128 may include more status 
information than that included in clock status bit ?elds 104, 
114. This status information may relate to any desired status 
of circuitry Within one or more time domains 12, 22, and 32. 

[0058] Master message 120 also includes a TCODE bit 
?eld 130. In one embodiment, the TCODE bit ?eld 130 may 
include information regarding Which NEXUS message type 
is the message type used by master message 120. 

[0059] Referring to FIG. 1, in the illustrated embodiment, 
one embodiment of NEXUS debug circuitry 36 and debug 
bus 38 is described in detail for time domain 32. Time 
domain 12 also has NEXUS debug circuitry 16 and debug 
bus 18 Which may be implemented in a different manner or 
in the same manner as in time domain 32. Likewise, time 
domain 22 also has NEXUS debug circuitry 26 and debug 
bus 28 Which may be implemented in a different manner or 
in the same manner as in time domain 32. 

[0060] The operation of the illustrated embodiment for 
time domain 32 Will noW be described. In one embodiment 
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of system 10, timestamp control circuitry 74 provides times 
tamp control information to counter control circuitry 42 by 
Way of timestamp control signals 60. Counter control cir 
cuitry 42 then uses this control information to control 
reference counter 44. In one embodiment of system 10, other 
circuitry 52 provides all domain events to timestamp control 
74 by Way of domain event information signals 64. In 
alternate embodiments, timestamp control signals 60 may 
provide information to other circuitry 52 regarding Which 
domain events have been selected and thus should be 
provided to timestamp control 74 by Way of domain event 
information 64. 

[0061] Once timestamp control 74 has determined that a 
selected domain event has occurred, timestamp control 74 
provides control information to counter control circuitry 42 
by Way of timestamp control signals 60 to indicate that the 
value in reference counter 44 should be captured and pro 
vided to timestamp control 74 by Way of timestamp signals 
62. Note that a domain event in time domain 12 or 22 may 
also be used by timestamp control 74 to trigger a capture of 
the value in reference counter 44. This is possible because 
timestamp control 72, 74, and 76 may share information. 
Alternate embodiments may Want to shorten the delay 
betWeen the occurrence of the domain event and the cap 
turing of the value in the reference counter. One embodiment 
of system 10 may accomplish this by moving some of the 
functionality of the timestamp control circuitry 74 into the 
NEXUS debug circuitry 36 so that the detecting of the 
domain event directly triggers the capture of the value of the 
reference counter 44, Without any involvement of circuitry 
(e.g. timestamp control 74) outside of the NEXUS debug 
circuitry 36. 

[0062] Note that the value of reference counter 44 may be 
provided by the timestamp signals 62 and may be considered 
to provide the absolute time domain reference count 102 in 
time domain message 100 (see FIG. 2). The value of 
reference counter 44 must be appropriately modi?ed by 
counter control circuitry 42 to provide a relative time 
domain reference count by Way of timestamp signals 62 if 
the relative time domain reference count format of time 
domain message 110 is used (see FIG. 3). The format of the 
timestamp information provided from timestamp circuitry 
40 to timestamp signals 62 may be determined in any 
manner. For eXample, registers 80 may determine this for 
mat. Alternate embodiments may use a ?xed format, or may 
alternately select the format in any desired manner. 

[0063] For alternate embodiments, all or some of the 
functionality performed by timestamp control 74 may be 
centraliZed as illustrated in FIG. 1, or may alternately be 
distributed Within the time domains 12, 22, 32 themselves. 
In the embodiment of system 10 illustrated in FIG. 1, the 
time domain identi?er circuitry 48 is used to provide the 
time domain identi?er (see bit ?eld 106 in FIG. 2 and bit 
?eld 116 in FIG. 3) by Way of other signals 66. Similarly, 
TCODE generator 50 is used to provide the TCODES (see 
bit ?eld 108 in FIG. 2, bit ?eld 118 in FIG. 3, and bit ?eld 
130 in FIG. 4) by Way of other signals 66. Similarly, clock 
status 46 is used to provide the clock status information (see 
bit ?eld 104 in FIG. 2, bit ?eld 114 in FIG. 3, and bit ?eld 
128 in FIG. 4) by Way of other signals 66. 

[0064] In one embodiment of system 10, arbiter 78 may be 
used to arbitrate and determine Which timestamp control 
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circuit 72, 74, or 76 is alloWed to provide information to 
debug interface 90 for transmission eXternal to system 10. 

[0065] In one embodiment of system 10, the clock status 
?eld 104, 114 may include information regarding Whether 
clocks are enabled, What clock frequency is being used, or 
any other information regarding the status of clocks in the 
corresponding time domain 32. Time domain message for 
mats 100, 110 also include a time domain identi?er bit ?eld 
106, 116, respectively. In one embodiment, the time domain 
identi?er 106, 116 may include information regarding Which 
time domain 12, 22, 32 is providing the information in the 
time domain message. Time domain message formats 100, 
110 also include a TCODE bit ?eld 108, 118, respectively. 
In one embodiment, the TCODE bit ?eld 108, 118 may 
include information regarding Which NEXUS message type 
is the message type used by time domain message 100 and 
110. 

[0066] Although the embodiments have been described 
With respect to speci?c conductivity types or polarity of 
potentials, skilled artisans appreciated that various modi? 
cations may be implemented. For eXample, any type of 
functional circuitry may be used With the NEXUS debug 
circuitry. Various semiconductor processes may be imple 
mented and conductivity types and polarities of potentials 
may be reversed. The system 10 may be implemented either 
on a single integrated circuit as a system on a chip (SOC) or 
may be implemented With discrete components on a printed 
circuit board level. The physical positioning of the various 
?elds of the timestamping messages may be arranged in 
differing orders than that illustrated. Various arbitration 
schemes may be used to implement arbiter 78. Any type of 
storage device may be used to implement the registers 80. 
The counters described herein may be implemented With 
various types of knoWn hardWare counter circuits and is not 
limited to any one particular type of counter. The bus siZes 
may be implemented With any of various possible bit Widths. 
The above description of various modi?cations is intended 
for illustrative purposes only. AWide variety of other modi 
?cations are also possible. 

[0067] In one form there has been provided a method in a 
system for time ordering events in the system. Control 
information corresponding to each of a plurality of time 
domains is provided. The control information indicates 
When a timestamp message for each of the plurality of time 
domains is to be generated. A determination is made When 
a time domain event that requires generation of a timestamp 
message occurs in any one of the plurality of time domains. 
A timestamp message is generated corresponding to a pre 
determined one of the plurality of time domains in response 
to determining that the time domain event occurred. In one 
form, a same port is used for all of the plurality of time 
domains to output timestamp messages. In one form, in 
response to the control information, included Within the 
timestamp message is a time count in a message generating 
time domain that is an absolute count value of When the time 
domain event occurred in the message generating time 
domain. In another form, in response to the control infor 
mation, included Within the timestamp message is a time 
count in a message generating time domain that is a relative 
count value measured from a most recently occurring pre 
vious time domain event of When the time domain occurred 
in the message generating time domain. In another form, in 
response to the control information, included Within the 
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timestamp message is a time count for all of the plurality of 
time domains corresponding to When the time domain event 
occurred. In yet another form, included Within the timestamp 
message is a format identi?er ?eld that identi?es one of a 
plurality of predetermined formats that the timestamp mes 
sage has. The control information is used to specify When a 
time domain event that requires generation of a timestamp 
message occurs in a predetermined one of the plurality of 
time domains. A subsequent determination is made that the 
time domain event has occurred in the predetermined one of 
the plurality of time domains. In one form, the control 
information is programmed into a storage device. In another 
form the timestamp message is generated in response to the 
control information identifying predetermined operating 
conditions that create the time domain event in at least one 
of the plurality of time domains. In yet another form the 
predetermined operating conditions are identi?ed to be at 
least one of a user programmable event and a programmable 
system event. In another form the at least one programmable 
system event includes at least one of entrance into or eXit 
from a poWer mode of operation, a change in source of a 
clock, a change in clock periodicity, a predetermined change 
in a hardWare counter value or entry into and eXit from a 
debug mode of operation. The system, in one form, is made 
up of a plurality of functional circuit modules, each func 
tional circuit module being clocked by a clock that repre 
sents a different time domain and having timestamping 
circuitry. The timestamping circuitry provides a message 
that indicates a point in time When a predetermined event 
occurs. An interface module is coupled to each of the 
plurality of functional circuit modules, the interface module 
providing control information to the plurality of functional 
circuit modules to indicate at least one operating condition 
that triggers the predetermined event. The interface module 
receives at least one timestamping message from a ?rst time 
domain When the predetermined event occurs in one of a 
plurality of time domains including the ?rst time domain. 
The interface module further includes storage circuitry for 
storing the control information as programmable control 
information that determines the at least one operating con 
dition that triggers the predetermined event. In one form the 
at least one operating condition that triggers the predeter 
mined event further includes at least one of: entrance into or 
eXit from a poWer mode of operation, a change in source of 
a clock, a change in clock periodicity, a predetermined 
change in a hardWare counter value, entry into and eXit from 
a debug mode of operation, and occurrence of at least one 
user programmable event. In another form the timestamping 
circuitry further includes a counter for determining either 
absolute or relative time in a corresponding functional 
circuit module, time domain identi?cation circuitry for 
providing a time domain identi?er, and clock status circuitry 
for providing one or more operating characteristics of a 
clock in the corresponding functional circuit module. In 
another form the timestamping circuitry further includes 
circuitry for generating a code to be included in each 
message to identify a format of information included in a 
corresponding message. The interface module further 
includes an arbiter having circuitry for generating a code to 
be included in each timestamping message to identify a 
format of information included in a corresponding times 
tamping message. In one implementation the common inter 
face port of the interface module meets IEEE ISTO 5001 
(NEXUS) compliance. In one form the message provided by 
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at least one of the plurality of functional circuit modules has 
a format that includes at least a time count value that is an 

absolute value referenced to a knoWn starting value, status 
information of a clock signal associated With one of the 
functional circuit modules, and an identi?er that indicates a 
corresponding time domain associated With the timestamp 
ing message. In another form the message has a format that 
further includes a ?eld that identi?es that the format of the 
timestamping message has an absolute value time count 
value. In yet another form the message provided by at least 
one of the plurality of functional circuit modules has a 
format that includes at least a time count value that is a 
relative value referenced to a last occurring predetermined 
event, status information of a clock signal associated With 
one of the functional circuit modules, and an identi?er that 
indicates a corresponding time domain associated With the 
timestamping message. In a further form, the message has a 
format that further includes a ?eld that identi?es that the 
format of the timestamping message having a relative value 
time count value. In another form the timestamping message 
has a format that includes a time count value corresponding 
to each of the functional circuit modules and predetermined 
status information associated With each of the functional 
circuit modules When the predetermined event occurs. As 
illustrated, the control information is programmable and the 
interface module has at least one register for storing the 
control information. 

[0068] In another form there is provided a system having 
a plurality of functional circuit modules on a same integrated 
circuit. Each functional circuit module is clocked by a clock 
that represents a different time domain. Each functional 
module has timestamping circuitry operating at independent 
clock rates for providing timestamp messages. The times 
tamp messages each indicate a point in time When a prede 
termined event occurs. An interface module is coupled to 
each of the plurality of functional circuit modules, the 
interface module providing control information to the plu 
rality of functional circuit modules to indicate at least one 
operating condition that triggers the predetermined event. 
The interface module receives at least one timestamping 
message from a ?rst time domain When the predetermined 
event occurs in one of a plurality of time domains including 
the ?rst time domain. In another form there is provided a 
method of reconstructing time ordering of events that occur 
in multiple time domains in a system. Multiple timestamp 
ing messages are received in one of an ordered time 
sequence and an unordered time sequence. Relative count 
values of multiple time domain counters associated With the 
multiple time domains and operating at independent clock 
rates are tracked. Debug information is sorted in time 
ordered sequence, the debug information being associated 
With a timestamp provided from one of the multiple time 
domains. The debug information is provided via a debug 
message. The debug messages are implemented as at least 
one of a program trace message, a data trace message and a 

Watchpoint message. The multiple timestamp messages are 
generated by providing control information corresponding 
to each of multiple time domains, the control information 
indicating When a timestamp message for each of the 
multiple time domains is to be generated. Adetermination is 
made as to When a time domain event that requires genera 
tion of a timestamp message occurs in any one of the 
multiple time domains. A timestamp message is generated 
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corresponding to a predetermined one of the multiple time 
domains in response to determining that the time domain 
event occurred. 

[0069] Note that elements illustrated herein may have 
intervening elements not illustrated that couple the illus 
trated elements. The term coupled, as used herein, is de?ned 
as joined or linked, although not necessarily directly, and not 
necessarily mechanically. 
[0070] In the foregoing speci?cation, the invention has 
been described With reference to speci?c embodiments. 
HoWever, one of ordinary skill in the art appreciates that 
various modi?cations and changes can be made Without 
departing from the scope of the present invention as set forth 
in the claims beloW. Accordingly, the speci?cation and 
?gures are to be regarded in an illustrative rather than a 
restrictive sense, and all such modi?cations are intended to 
be included Within the scope of present invention. 

[0071] Bene?ts, other advantages, and solutions to prob 
lems have been described above With regard to speci?c 
embodiments. HoWever, the bene?ts, advantages, solutions 
to problems, and any element(s) that may cause any bene?t, 
advantage, or solution to occur or become more pronounced 
are not to be construed as a critical, required, or essential 
feature or element of any or all the claims. As used herein, 
the terms “comprises,”“comprising,” or any other variation 
thereof, are intended to cover a non-exclusive inclusion, 
such that a process, method, article, or apparatus that com 
prises a list of elements does not include only those elements 
but may include other elements not expressly listed or 
inherent to such process, method, article, or apparatus. 

1. In a system, a method for time ordering events in the 
system comprising: 

providing control information corresponding to each of a 
plurality of time domains, the control information 
indicating When a timestamp message for each of the 
plurality of time domains is to be generated; 

determining When a time domain event that requires 
generation of a timestamp message occurs in any one of 
the plurality of time domains; and 

generating a timestamp message corresponding to a pre 
determined one of the plurality of time domains in 
response to determining that the time domain event 
occurred. 

2. The method of claim 1 further comprising: 

in response to the control information, including Within 
the timestamp message a time count in a message 
generating time domain that is an absolute count value 
of When the time domain event occurred in the message 
generating time domain. 

3. The method of claim 1 further comprising: 

in response to the control information, including Within 
the timestamp message a time count in a message 
generating time domain that is a relative count value 
measured from a most recently occurring previous time 
domain event of When the time domain occurred in the 
message generating time domain. 

4. The method of claim 1 further comprising: 

in response to the control information, including Within 
the timestamp message a time count for all of the 
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plurality of time domains corresponding to When the 
time domain event occurred. 

5. The method of claim 1 further comprising: 

including Within the timestamp message a format identi 
?er ?eld that identi?es one of a plurality of predeter 
mined formats that the timestamp message has. 

6. The method of claim 1 further comprising: 

using the control information to specify When a time 
domain event that requires generation of a timestamp 
message occurs in a predetermined one of the plurality 
of time domains; and 

subsequently determining When the time domain event 
occurs in the predetermined one of the plurality of time 
domains. 

7. The method of claim 1 further comprising: 

programming the control information into a storage 
device. 

8. The method of claim 1 further comprising: 

generating the timestamp message in response to the 
control information identifying predetermined operat 
ing conditions that create the time domain event in at 
least one of the plurality of time domains. 

9. The method of claim 8 further comprising identifying 
the predetermined operating conditions to be at least one of 
a user programmable event and a programmable system 
event. 

10. The method of claim 9 Wherein the at least one 
programmable system event further comprises at least one of 
entrance into or eXit from a poWer mode of operation, a 
change in source of a clock, a change in clock periodicity, a 
predetermined change in a hardWare counter value or entry 
into and eXit from a debug mode of operation. 

11. A system for time ordering events comprising: 

a plurality of functional circuit modules, each functional 
circuit module being clocked by a clock that represents 
a different time domain and having timestamping cir 
cuitry, the timestamping circuitry providing a message 
that indicates a point in time When a predetermined 
event occurs; and 

an interface module coupled to each of the plurality of 
functional circuit modules, the interface module pro 
viding control information to the plurality of functional 
circuit modules to indicate at least one operating con 
dition that triggers the predetermined event, the inter 
face module receiving at least one timestamping mes 
sage from a ?rst time domain When the predetermined 
event occurs in one of a plurality of time domains 
including the ?rst time domain. 

12. The system of claim 11 Wherein the interface module 
further comprises: 

storage circuitry for storing the control information as 
programmable control information that determines the 
at least one operating condition that triggers the pre 
determined event. 

13. The system of claim 12 Wherein the at least one 
operating condition that triggers the predetermined event 
further comprises at least one of: entrance into or eXit from 
a poWer mode of operation, a change in source of a clock, 
a change in clock periodicity, a predetermined change in a 
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hardware counter value, entry into and exit from a debug 
mode of operation, and occurrence of at least one user 
programmable event. 

14. The system of claim 11 Wherein the timestamping 
circuitry further comprises: 

a counter for determining either absolute or relative time 
in a corresponding functional circuit module; 

time domain identi?cation circuitry for providing a time 
domain identi?er; and 

clock status circuitry for providing one or more operating 
characteristics of a clock in the corresponding func 
tional circuit module. 

15. The system of claim 14 Wherein the timestamping 
circuitry further comprises circuitry for generating a code to 
be included in each message to identify a format of infor 
mation included in a corresponding message. 

16. The system of claim 14 Wherein the interface module 
further comprises an arbiter having circuitry for generating 
a code to be included in each timestamping message to 
identify a format of information included in a corresponding 
timestamping message. 

17. The system of claim 11 Wherein the message provided 
by at least one of the plurality of functional circuit modules 
has a format that comprises at least a time count value that 
is an absolute value referenced to a knoWn starting value, 
status information of a clock signal associated With one of 
the functional circuit modules, and an identi?er that indi 
cates a corresponding time domain associated With the 
timestamping message. 

18. The system of claim 17 Wherein the message has a 
format that further comprises a ?eld that identi?es that the 
format of the timestamping message has an absolute value 
time count value. 

19. The system of claim 11 Wherein the message provided 
by at least one of the plurality of functional circuit modules 
has a format that comprises at least a time count value that 
is a relative value referenced to a last occurring predeter 
mined event, status information of a clock signal associated 
With one of the functional circuit modules, and an identi?er 
that indicates a corresponding time domain associated With 
the timestamping message. 

20. The system of claim 19 Wherein the message has a 
format that further comprises a ?eld that identi?es that the 
format of the timestamping message having a relative value 
time count value. 

21. The system of claim 11 Wherein the timestamping 
message has a format that comprises a time count value 
corresponding to each of the functional circuit modules and 
predetermined status information associated With each of the 
functional circuit modules When the predetermined event 
occurs. 

22. The system of claim 11 Wherein the control informa 
tion is programmable. 

23. The system of claim 11 Wherein the interface module 
further comprises: 

at least one register for storing the control information. 

24. The system of claim 11 Wherein the interface module 
provides timestamping messages from all time domains at a 
common interface port. 
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25. The system of claim 24 Wherein the common interface 
port of the interface module meets IEEE ISTO 5001 
(NEXUS) compliance. 

26. A system for time ordering events comprising: 

a plurality of functional circuit module means, each being 
clocked by a clock that represents a different time 
domain and having timestamping circuit means, the 
timestamping circuit means providing a message that 
indicates a point in time When a predetermined event 
occurs; and 

interface module means coupled to each of the plurality of 
functional circuit module means, the interface module 
means providing control information to the plurality of 
functional circuit module means to indicate at least one 

operating condition that triggers the predetermined 
event, the interface module means receiving at least one 
timestamping message from a ?rst time domain When 
the predetermined event occurs in one of a plurality of 
time domains including the ?rst time domain. 

27. The system of claim 26 Wherein the timestamping 
messages from all time domains are provided by interface 
module means at a common interface port means. 

28. A system comprising: 

a plurality of functional circuit modules on a same inte 

grated circuit, each functional circuit module being 
clocked by a clock that represents a different time 
domain, and each functional module having timestamp 
ing circuitry operating at independent clock rates for 
providing timestamp messages. 

29. The system of claim 28 Wherein the timestamp 
messages each indicate a point in time When a predeter 
mined event occurs. 

30. The system of claim 29 further comprising: 

an interface module coupled to each of the plurality of 
functional circuit modules, the interface module pro 
viding control information to the plurality of functional 
circuit modules to indicate at least one operating con 
dition that triggers the predetermined event, the inter 
face module receiving at least one timestamping mes 
sage from a ?rst time domain When the predetermined 
event occurs in one of a plurality of time domains 
including the ?rst time domain. 

31. A method of reconstructing time ordering of events 
that occur in multiple time domains in a system, the method 
comprising: 

receiving multiple timestamping messages in one of an 
ordered time sequence and an unordered time 
sequence; 

tracking relative count values of multiple time domain 
counters associated With the multiple time domains and 
operating at independent clock rates; and 

sorting debug information in time ordered sequence, the 
debug information being associated With a timestamp 
provided from one of the multiple time domains. 

32. The method of claim 31 further comprising providing 
the debug information via a debug message. 
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33. The method of claim 32 further comprising imple 
menting the debug messages as at least one of a program 
trace message, a data trace message and a Watchpoint 
message. 

34. The method of claim 31 further comprising generating 
the multiple timestamp messages by: 

providing control information corresponding to each of 
multiple time domains, the control information indi 
cating When a timestamp message for each of the 
multiple time domains is to be generated; 
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determining When a time domain event that requires 
generation of a timestamp message occurs in any one of 

the multiple time domains; and 

generating a timestamp message corresponding to a pre 
determined one of the multiple time domains in 
response to determining that the time domain event 
occurred. 


